Abstract: Addressing the stability problem through Single machine infinite bus system is a quite simple and easy to understand. For a more practical approach Multi-machine system would be more beneficial giving the close insight of the real world situation of instability. In such a situation a power system must be able to maintain frequency and voltage level. SO is the case with presented work where a multi-machine system is considered under low frequency oscillations. If such an oscillation persists for a long period of time could lead to separation of a system in the absence of appropriate. It could be damped out by Power system Stabilizers (PSS) which is very effective and generally used controller in such a case. It enhances the stability limit and damping capability of the system. But it performance could further be optimized by the use of suitable optimization method. The method used here is the artificial intelligence (AI) based JAYA algorithm. The presented work uses the platform provided by MATLAB/SIMULINK to develop the multi machine system consisting 3 machines and 9 bus system, hence making it a 3 machine 9 bus system. This system in cooperates the JAYA based PSS which was analyzed under normal, light and heavy loading conditions respectively by applying three phase fault. The results are obtained in terms of speed deviation, change in generator speed and stabilizing signal deviation settling time. The results are compared with the results of system using Conventional PSS and system without any controller to verify its effectiveness and robustness.
INTRODUCTION
Power system stability is the most important aspects in system operations. It is defined whether or not the system can settle down to a new operating point after the occurrence of a disturbance. Power system stability is defined in as follows: Power system stability is the state of equilibrium where systems regain its initial operating condition after intact with external disturbances, so the entire system remain uninterrupted and stable. The electrical power system is a dynamic interconnected system which may include thousands of electric components and be spread over large geographical areas. There are many benefits of interconnected power systems:
 Provide many blocks of power and increase reliability of the electrical system.  Reduce the number of machines which are required both for operation at peak load and required as spinning reserve to take care of a sudden change of load.  Provide economical source of power to consumers.
Multi Machine Systems
It can be designed and modeled same as single machine system with following sets of assumptions.
 Every synchronous machine in the system is represented by its constant voltage E behind X d . Here, saliency and flux has been neglected.  Constant input power.  Admittances to ground for all loads are equivalent via pre fault bus voltages.  Ignoring asynchronous effect along with damping effect.  δ m =δ All machines in a single station will swing simultaneously, hence called as coherent machine and can be taken as single machine.
Objective Function
Using the given optimization technique PSS parameters are tuned to get overall improved dynamic performance of the system. For the optimization problem the objective is shown as the multi objective function which is based on Integral Time Absolute Error (ITAE). It consists of the damping factor and damping ratio. The formulation of objective function J is shown below so as to minimize: Here, , and are the speed of respective machines in 3 machine 9 bus system. =10 NP=total operating points The aim is to minimize this objective function in order to better the system response. Minimize J subjected to Fig. 2 .1displays the multi machine system where n machines are assumed. Here, 0 is the reference node whereas the node numbered 1, 2. . . n are internal machine buses. Nodes are connected to each other and to the node 0 via passive impedances. In classical stability studies while transient , i= 1, 2, . . . ., n are kept constant. The passive electrical network described has n nodes with active sources. The admittance matrix of the n-port network from the terminals of the generators, is defined by ̅ ̅ ̅ ̅ has diagonal elements ( ) and off-diagonal elements ( ). ̅ driving point admittance for node i ̅ negative of the transfer admittance between nodes i and j At node i power into the network (electrical power output of machine i), is given by It should be noted that prior to the disturbance i.e. at t =0
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Classical Model of Multi Machine System
The subscript 0 is used to indicate the pre-fault conditions. This applies to all machine rotor angles and also to the network parameters, since the network changes due to switching during the fault. The set of equations (8) is a set of n-coupled nonlinear second order differential equations. These can be written in the form, ) Where x is a vector of dimension (2n x 1), And f is a set of nonlinear functions of the elements of the state vector x.
Stability of 3 Machine 9 Bus System
To study and understand the power system stability synchronous machine classical model can be utilized during the time where system response mostly relies on rotating masses stored kinetic energy. The time period is oft the order of 1 sec or less than it. It is a very simple model. It can be carried out within a short span of time at minimum cost and also it needs minimum data. Furthermore, these studies can provide useful information. For example, they may be used as preliminary studies to identify problem areas that require further study with more detailed modeling. Thus, a large number of cases for which the system exhibits a definitely stable dynamic response to the disturbances under study are eliminated from further consideration. In the above single line diagram there are three generating units G1, G2 and G3.
Fig. 2.2 Machine 9 Bus System Single Line Diagram
Also, there are 9 buses in the system (B1, B2, B3, B4, B5, B6, B7, B8 and B9). G1 is considered to be the largest unit out of the three which is connected to B1 and hence it is the slack bus. G2 and G3 are connected on bus B2 and B3 respectively. A, B and C are the loads connected on bus bar 5, 6 and 8. To understand the stability of present system some data is required. First of all it requires load flow study of the network so as to get P m of the generators and then to have for all the units. Load bus data is utilized to obtain loads equivalent impedances. Then, to have system data which is H inertia constant and x d " direct axis transient reactance. For initial network conditions transmission network impedances and sub transient switching. Also, to know the location and type of disturbance, its switching time and maximum time for the required solution.
Modeling of Power System Stabilizer (PSS)
The signal washout block serves as a high-pass filter, with the time constant T w high enough to allow signals associated with oscillations in ⍵ r topass unchanged. 
.3 (a) Basic Block Diagram of PSS (b) PSS With Exciter
Without it,steady changes in speed would modify the terminal voltage. It allows the PSS to respond only to changes in speed. From the view point of the washout function, the T w value is not critical which may be rangingfrom 1 to 20 seconds. The main consideration is that it should be long enough for passing Stabilizing signals at unaltered desired freequency, however, it should not be so long to cause undesirable generator voltage excursions while system is landing conditions. The stabilizer gain determines that how much PSS damping dampingmust introduce. The gain should ideally be set at a value which corresponds to maximum damping [5] , however, it is often restricted by other considerations. The power system stabilizer with exciter basic block diagram is shown in fig. 2 .4. The power system considered here for study receives control command from PSS via exciter. The excitation system with PSS taken here is IEEE type STI. Where, K A = Amplifier gain of the excitation system, T A =Amplifier time constant of the excitation system 
Previously, is used as a high pass filter so as to leave signals having range from 0.2 Hz to 2 Hz to pass without any change. These are associated with the oscillations of rotor. Generally the range is from 1s to 20s. The lead lag transfer function compensates for the phase lag existing between the PSS output and control action. The control action is the electrical torque. Hence, justifying the use of K i , a wash out block with T w and 2 blocks of lead lag.
Structure of PSS
The conventional lead-lag structure is picked in this study as a Conventional PSS (CPSS). The CPSS controller model structure is demonstrated in fig. 2 figure. For the compensation of phase lag between input and the output signals for the appropriate phase-lead characteristics phase compensation block is employed here. The purpose of high gain filter is fulfilling by the signal washout block the purpose of high-pass filter having time constant T w . This time constant is sufficiently high so as to permit signals corresponding to oscillations in passing input signal, unaltered.
Java Algorithm
This section illustrates the importance of the Jaya algorithm over the other algorithms. The detailed discussion presented in the Section I and II has concluded three main reasons are outlined here:
 The Jaya algorithm does need any algorithm specific parameters, which requires extensive tuning before conducting the actual computational experiments, if not done correctly, leads unavoidable and unwanted convergence.  The controlling of the algorithm specific parameters is not as easy as it looks. Also, controlling the parameters in each iteration is most of the time difficult and time consuming. This entire process does not belong to the Jaya algorithm.  The most important reason is the victorious nature of the Jaya algorithm makes it more powerful as compare to any other algorithms. 
Proposed Model of 3 Machine 9 Bus System with CPSS and JAYAPSS Damping Controller
In this study, the three-machine nine-bus power system shown in Fig. 3.1 is considered. Detail of the system data are given in.
Fig. 3.1 Three Machine 9 Bus Power Systems
To assess the effectiveness and robustness of the proposed method over a wide range of loading conditions, three different cases designated as nominal, light and heavy loading are considered. WSCC 9-bus test system (also known as P.M Anderson 9-bus) represents a simple approximation of the Western System Coordinating Council (WSCC) to an equivalent system with 9 buses and 3 generators. This particular test case also includes 3 two-winding transformers, 6 lines and 3 loads. Fig. 3.2 represents the MATLAB/SIMULINK model of Multi-Machine (3-Machine, 9-Bus) system incorporated with JAYAPSS and 6 cycles 3 phase fault disturbance at bus 7 at different loading conditions. WSCC system is widely used for transient stability study. The synchronous machines are equipped with voltage regulators combined with an exciter and comprehensive model of steam turbine and governors. System under examination is WSCC 3 generator G 1 ,G 2 , G 3 and 3 two winding transformers connected at bus no. 1, 2 and 3. Three loads A, B, C connected at bus no. 5, 6 and 8. 
MATLAB/SIMULINK Implementation of the no control and CPSS and JAYAPSS Damping Controller
Result Analysis & Discussion
In this study, the three-machine nine-bus power system shown in Fig. 3 .1 is considered. Detail of the system data are given in. To assess the effectiveness and robustness of the proposed method over a wide range of loading conditions, three different cases designated as nominal, light and heavy loading are considered. The generator and system loading levels at these cases are given in Tables 3.1 and 3. 2. The Simulation studies are carried out is multi-machine power system 3 machine 9 bus system. The behavior of the no control, CPSS and JAYAPSS controller is tested under different effective conditions viz. nominal loading, light loading & heavy loading by applying of fault as three phase fault and obtain various graph as speed deviation of generator, change in speed of generator & Stabilizing signal deviation. Require better Simulation we use inlet i3 processer, 2 GB RAM computer, in MATLAB 7.13.0 environment. The best final solution obtained in the 50 runs is given in Table 3 .1. 
Result of JAYA Optimization
In order to optimize the damping controller parameters, JAYA is used. Before using JAYA for optimization some parameters need to be provided like maximum number of iterations, population size, lower bound of scaling factor, upper bound of scaling factor, number of variable. The JAYA can work effectively only when these parameters are chosen carefully. The various parameters chose for JAYA are given in Table 3 .3 below. 3 ) graphs were plotted and presented.  Any loading conditions, system is highly oscillatory without any kind of controller.  In nominal loading, settling time when deviation of speed and Stabilizing signal is considered is highly oscillating. However, on application CPSS settling time reduces. On including JAYA PSS it further improves by 35% to 45%.  In Light loading conditions, JAYA PSS performs well as compared to CPSS. Its settling time 30% to 40% less than the letter.  In heavy loading conditions, for all the three generating units results are still the same. JAYA PSS performs better than CPSS.  The system tested at various graph at time domain simulation at each condition JAYAPSSs shows better response than other controller. The system settles very quickly and improves system stability.
Non Linear Time-Domain Simulation at Nominal Condition
FUTURE SCOPE
 The optimal ANN controller will be designed for the damping the low frequency local as well as interarea oscillations of the large power system. In the design a two multilayer-perceptron neural networks can be used in the identifier/model network. This is used to identify the dynamics of the power system. The controller network will provide optimal damping.
 The fuzzy sets will provide additional degree of freedom that will made it possible to directly model & handle uncertainties. The proposed fuzzy controller will be more effective than GA based damping controller.
